Purpose: To evaluate the technique of mushroom keratoplasty for patients with advanced keratoconus, with respect to postoperative astigmatism, visual improvement and stability, and endothelial cell count.
K eratoconus (KC) is a noninflammatory corneal disorder characterized by localized conical protrusion and thinning of the corneal stroma. Depending on the diagnostic methods, the incidence varies between 4 and 230 per 100,000. [1] [2] [3] [4] [5] [6] [7] [8] The diagnosis is made on the basis of progressive myopic astigmatism identified by refraction, keratometry, or corneal topographic analysis. 2 If treatment with spectacles or contact lenses is insufficient, different treatment options are possible, such as intracorneal rings, 3, 4 a toric Artisan lens, 5 lamellar keratoplasty (LK), or penetrating keratoplasty (PK). 7, 15 Ten percent to 20% of patients eventually need keratoplasty because of scarring in the visual axis, insufficient visual acuity (VA) with contact lens correction, or contact lens intolerance. 6 KC is a common indication for corneal transplantations. 7 Although PK in KC generally has a good prognosis, it can be complicated by a high or irregular astigmatism, resulting in a delayed or poor visual recovery. [9] [10] Many factors can affect postoperative astigmatism. Astigmatism decreases with increasing graft size. 11 However, larger grafts are shown to be associated with a higher risk of rejection. [12] [13] PK in a cornea with a thin periphery, as seen in advanced KC, carries the risk of a high postoperative astigmatism. Besides postoperative astigmatism, graft decompensation caused by endothelial rejection is the cause of poor visual outcome in up to 9% of the KC eyes after transplantation. 14 To avoid the risk of endothelial graft rejection, an anterior LK (ALK) can be performed. Advantages of ALK over PK surgery are the extra ocular procedure, the preservation of recipient healthy endothelium, better wound stability, and less need for corticosteroids. 8 Moreover, the time necessary to achieve stable results is considerably shorter. 15 However, the presence of a lamellar tissue interface may reduce the quality of vision after ALK. [16] [17] [18] Although optical results are shown to be better with microkeratomeassisted LK, this procedure can only be performed if a minimal corneal thickness of .380 mm is present. A recent study suggested that the main parameter for good visual function after ALK for KC is the thickness of the residual recipient stromal bed. An eye with a deep anterior LK with a residual bed of ,20 mm has been shown to achieve a similar visual result as PK. 15 However, the technique is difficult, and Descemet perforation is a well-described complication of deep anterior LK. 19 To combine the optical superiority of large-diameter PK with some of the wound-healing advantages of LK, a mushroom-shaped keratoplasty has been proposed. [20] [21] [22] A central full-thickness donor graft with a lamellar wound configuration in the periphery is used. Recently, an artificial anterior chamber has become available and can help in the accurate trephination of the mushroom configuration. We studied the outcome of mushroom keratoplasty in KC patients on visual acuity, refraction, and endothelial cell density.
MATERIALS AND METHODS

Patients and Donor Details
Between 2003 and 2006, a mushroom keratoplasty was performed in 16 eyes of 15 patients for KC at the Erasmus MC, Rotterdam, The Netherlands. The medical history of each patient was recorded preoperatively, and a complete eye examination was performed. Seven patients had an allergic constitution. All patients were scheduled for PK because of insufficient VA or contact lens intolerance. Only primary transplants performed in KC patients with a follow-up of .6 months were included. Eyes with associated corneal pathology were excluded. All of the procedures were performed by 1 of 2 corneal surgeons.
The donor corneas were preserved in an organ culture medium without dextran at 31°C up to 3 weeks. The donor tissue was evaluated a second time and subsequently transported in transport medium with dextran. All donor corneas were obtained from Bio Implant Service, Leiden, The Netherlands.
Surgical Technique
The donor cornea was mounted on an artificial anterior chamber (Moria, Paris, France) after a viscoelastic substance (Healon) was placed on the endothelium. The geometric center of the cornea was carefully marked, and a 9.0-mm Barron suction trephine (Katena) was used to make a circular incision of 0.3-mm depth (Fig. 1A) . The Barron trephine provides suction indentations that are inked centrally on the donor in the quadrants to provide guidance for the first 4 suture placements. A central circle of 7.0 mm was marked with a nondisposable trephine and inkpad. A lamellar stromal dissection was carried out from the circular incision up to the 7.0-mm mark (Fig. 1B) . The artificial anterior chamber was entered with a 15°razor blade knife, and curved Vannas corneal scissors were used to complete the excision of the corneal button. The upper side of the Vannas scissors was held slightly inwards to prevent oblique wound edges. The donor button obtained consisted of a large anterior stromal lamella (9.0 mm in diameter) and a small posterior diameter (7.0 mm; Fig. 1C ).
If there was superficial vascularization of the recipient cornea, a fornix-based conjunctival flap was performed in these quadrants. The geometric center of the recipient cornea was carefully marked. The center of the pupil tends to be located slightly nasally. Whenever this was the case, we marked the cornea ;0.3 mm nasally from the center of the cornea to obtain a better centration of the graft with the pupil. The recipient bed was prepared to correspond with the shape of the donor button. The 9.0-mm Barron suction trephine, already used for the donor trephination, was used to cut a circular incision of 0.3 mm in depth ( Fig. 2A) . The indentations of the suction trephine were also inked. The central cornea was marked with a 6.5-mm trephine. A lamellar dissection to the central 6.5-mm mark was carried out (Fig. 2B ). The excision of the corneal button was completed conform the method of the donor cornea ( Fig. 2C ).
An iridectomy at 12 o'clock was made. Because this wound configuration is not self-sealing, the corneal graft was sutured in place. Eight single, superficial 10-0 nylon sutures and 8 single, deep 10-0 nylon sutures through the full thickness of the donor cornea and the peripheral lamellar wing were used to position the donor button. At the end of the procedure, all patients received a subconjunctival injection of 1 mL of betamethasondinatriumphosphate (4 mg/mL) and 0.5 mL of gentamicin (40 mg/mL). A simple handheld keratoscope was used for qualitative keratometry. If needed, sutures were adjusted to correct astigmatism at the end of the procedure. There were no other procedures performed in combination with the mushroom KP. Postoperatively, dexamethasone 0.1% eyedrops were given 6 times a day for 2 months and subsequently tapered off during 1 year. Preservative-free chloramphenicol 0.4% eyedrops were administered 3 times a day for 4 weeks. Selective suture removal was performed postoperatively.
Main Outcome Measures and Statistical Methods
Main outcome measures included VA, astigmatism (Javal keratometer; Haag Streit, Bern, Switzerland), and endothelial cell density (cells/mm 2 ; noncontact Topcon SP 2000P specular microscope). VA was defined as best-corrected VA (BCVA) measured by the Snellen VA chart.
To compare means, a Student t test was used. P , 0.05 was considered statistically significant.
RESULTS
Donor Details
The mean age of the donors was 62.3 6 10.6 years (range, 43-76 years), and the average endothelial cell count of the grafts measured 2757 6 168 cells/mm 2 (range, 2500-3100 cells/mm 2 ).
Patient Data
From July 2003 to May 2006, there were 16 eyes of 15 patients with a diagnosis coded for both advanced KC and mushroom keratoplasty. One eye was excluded because a second graft was needed at day 6 because of severe keratitis with hypopyon. Mycobacterium chelonae was cultured from the donor cornea and from the culture medium at the laboratory. Because the follow-up of the transplant was ,6 months, this patient was excluded. All in all, we studied 15 eyes of 14 patients, with an average age of 36. 
Corneal Endothelial Cell Density
We measured an average endothelial cell count of 1755 6 678 cells/mm 2 at 1 year, 1573 6 546 cells/mm 2 at 2 years, and 950 6 494 cells/mm 2 at 3 years after the mushroom keratoplasty.
Suture Adjustment and Suture-related Problems
Our policy is to remove all sutures 2-3 years postoperatively. In case of astigmatism, the suture at the steep axis was removed. A loose or broken suture was removed immediately. Seven patients had at least 1 loosened suture, and 
Intra-and Postoperative Complications
All of the 15 patients underwent surgery under general anesthesia. Surgery was uneventful in all patients. Epithelialization occurred within 2 weeks after the procedure. Postoperatively, 1 patient needed an extra suture because of wound leakage. Three years postoperatively, another patient developed an intraepithelial cyst of unknown origin that was removed. All keratoplasties remained functional and clear until last follow-up.
DISCUSSION
In our study, patients with advanced KC obtained satisfying VA after mushroom keratoplasty, which remained stable up to 3 years after surgery. All grafts remained clear.
Because only primary transplants for KC patients were included, we evaluated the technique in a homogeneous group of patients. In addition, all corneal transplantations were performed by the same 2 surgeons. To our knowledge, this is the first study to provide the results of the mushroom keratoplasty by using the disposable Hessburg-Barron suction trephine and the artificial anterior chamber. A drawback of this study is the overall few included patients and the relatively restricted follow-up period. Because it is a retrospective study, patient data can be incomplete.
The mushroom keratoplasty is not a new technique. As far back as 1950, Franceschetti 20, 21 published results of the ''greffe-champignon.'' At that time, the indications for this procedure were unsatisfactory results of previous LK or PK: severe burns, trophic corneal disorders of aphakia, unfavorable cases with irregular cornea surface, staphylomas, descemetocele, and Fuchs endothelial dystrophy. Unfortunately, his mechanical cutter for the donor graft was traumatizing for the corneal endothelium and difficult to use. Afterwards, Stocker 23 tried to refine the trephination technique, but it resulted in imperfect matching between the graft and the recipient bed. Also, Roberts 24 with the mechanical suction trephine, and Keates et al 25 with the fixation clamp, tried to optimize the trephination of the donor cornea. Despite all efforts, accurate trephination was still difficult to perform. Because better surgical devices have recently become available, there is new interest in mushroom keratoplasty. The disposable Hessburg-Barron suction trephine and the artificial anterior chamber facilitate a punctual trephination with minimal trauma to the endothelial layer. 26 Transplantation of a larger anterior diameter, like the one in a mushroom keratoplasty, results in a higher degree of topographic regularity and a higher quality of vision. 27 Close proximity of the anterior layer to the limbus of the recipient may lead to suture loosening and wound healing problems. This is particularly true for allergic patients with vascularized corneas. To avoid this, we made a fornix-based conjunctival flap and placed sutures into the sclera in these quadrants. Although the diameter of this posterior graft was only 7 mm, there were no complaints about glare or halos. The elevated risk for graft failure, seen in larger graft diameters, is probably avoided because of the smaller posterior lamella in mushroom keratoplasty. 28, 29 The first 2 years after surgery, the endothelial cell density in our group of patients remained relatively good. However, endothelial cell loss after PK is an ongoing process even years after surgery. [30] [31] [32] Our data showed a rise in endothelial cell loss 3 years after keratoplasty. Because we have data of only 30% (n = 5) of our patients in that follow-up period, more patient data are needed to draw stronger conclusions regarding the long-term effects of manual mushroom trephination in KC patients.
Although the corneas of our patients were steep, with an average steep K-reading of 60 D and a thin periphery, our results are in line with the reported success rate (range, 70%-91%) of PK in general KC patients, defined as a VA of .0.5 at 18 months postoperatively. [33] [34] [35] [36] Suturing a conventional fullthickness penetrating corneal graft in patients with a zone of marked inferior corneal thinning is more prone to develop a higher postoperative astigmatism and thus a lower BCVA because of wound healing problems (Fig. 3A) . Because of the particular shape of the mushroom-shaped graft, the donor and recipient are locked to each other. This way, the graft is unlikely to dislocate (Fig. 3B) .
In patients with a zone of marked inferior corneal thinning within 2 or 3 mm of the inferior corneal limbus, we used to perform a large (9.0-9.5 mm) lamellar graft first. Many of these patients had a central corneal scar. To obtain a good VA, a conventional full-thickness PK of 8 mm was performed into the lamellar graft 1 year postoperatively. The mushroom keratoplasty requires only 1 procedure, and the results are much better than our results of conventional keratoplasty in patients with KC with marked inferior corneal thinning.
The reported graft rejection rates are relatively low in patients with KC, with a 5-year graft survival that varies around 97%. 37, 38 All of our grafts remained clear, and no rejection periods were noted. During follow-up, we noted a minor increase in keratometric astigmatism. The tendency toward a myopic shift is confirmed by published data of PK in patients with KC. 39 This slight increase was not significant (P = 0.34), and the postoperative corrected VA remained stable. Despite the fact that most of the BCVAs were obtained by using spectacles (n = 11) instead of contact lenses (n = 4), our results concerning BCVA are comparable with previously reported results of PK and LK for KC. 18, 40 Although the prevalence of KC is generally reported to be identical in male and female patients, higher rates of PK have been reported in male subjects. 41, 43 In our study, 73% (11/15) of the patients were men.
The mushroom technique does not resolve all problems in corneal grafting. Although we obtained a high VA in our study, even with spectacles, the magnitude of the induced astigmatism still remains unpredictable. 7 Because early suture removal may result in unpredictable changes in astigmatism, our policy is not to remove all sutures until 2-3 years after surgery. The second potential disadvantage of this mushroom keratoplasty is the difficulty of the technique, which requires a skilled surgeon. Compared with PK, the procedure time of a mushroom keratoplasty is longer. To facilitate the procedure, a femtosecond or excimer laser should be used to incise the cornea. Laser trephination could have the potential to improve the visual outcome by creating congruent cut edges parallel to the optical axis, resulting in a higher regularity of the corneal topography. 31, [43] [44] [45] [46] [47] [48] No significant difference in endothelial cell density was found between the mechanical and nonmechanical technique. 46 In conclusion, the mushroom keratoplasty can be used in patients with advanced KC. This technique is especially useful in steep corneas with a thin periphery in the recipient cornea. Our short-term results in this limited series of patients are encouraging. The extent of the corneal astigmatism after the removal of all sutures must be studied further. More studies with larger patient groups are needed to draw strong conclusions regarding the long-term effects of mushroom keratoplasty in KC patients.
